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Summary

Background Asthma and allergic rhinitis (AR) frequently coexist, but have usually been studied
separately in health economic analyses.

Objective To determine the incremental effect of documented AR on health care resource use in
adults with asthma.

Methods A retrospective cohort study using data from a UK general practice database for the
period 1998-2001 enrolled subjects 16-55 years of age, with one or more asthma-related general
practitioner (GP) visits during a 12-month follow-up period. The study outcomes were asthma-
related hospitalizations, GP visits, and prescription drug costs during the 12-month follow-up period
for patients with and without physician-diagnosed AR.

Results Concomitant AR was documented in 4611 (16.9%) of the total sample of 27303 adults
with asthma. Compared with those with asthma alone, patients with concomitant AR experienced
more GP visits (5.2 vs. 4.2; P<0.0001) and more of them were hospitalized for asthma (0.76% vs.
0.45%; P<0.01) during the 12-month follow-up period. In multi-variable regression analyses, AR
was predictive of hospitalization for asthma (odds ratio 1.52, 95% confidence interval (CI)
1.03-2.24) and was associated with an increase in the annual number of asthma-related GP visits
(mean increase per patient 0.42, 95% CI 0.42-0.43) and annual asthma-related drug costs (mean
increase GBP 5.1, 95% CI 5.0-5.3).

Conclusion Adults with asthma and documented concomitant AR experienced more asthma-
related hospitalizations and GP visits, and incurred higher asthma drug costs than did adults with
asthma alone. A unified treatment strategy for asthma and AR might reduce the costs of treating

these conditions.
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Introduction

Allergic rhinitis (AR) and asthma are highly prevalent,
chronic respiratory diseases, both of which are associated
with substantial economic costs. Between 3% and 19% of
adults in western countries are diagnosed with asthma [1].
One of the highest prevalences occurs in the United Kingdom,
where the prevalence of currently treated adult asthma is 7%
[2]. Emergency care, i.e. an Emergency Department (ED) visit
or hospitalization, is a key component of asthma treatment
costs. In studies of the cost of asthma in six countries (United
Kingdom, United States, France, Sweden, Canada, and
Australia), ED visits and hospitalizations constituted about
one-third of total direct costs (median 30%, inter-quartile
range 24-52%) [3]. More recent studies from France, Estonia,
Canada, and Singapore reported values in the same range
[4-7] and studies of adults with asthma in the United States
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and Switzerland indicated that between 30% and 45% of
direct medical costs were for emergency care [8—11].

AR is present in up to about 40% of individuals in different
populations [12]. The prevalence of perennial rhinitis among
adults in the United Kingdom is 9-13% [12]. Although
patients often have a significant burden of symptoms because
of AR, emergency care for AR is not a significant component
of treatment costs. Available data for the direct costs of AR
refer to studies of the overall population in the United States,
where ED visits constituted only 1.3-1.5% of direct medical
costs (no hospitalizations were reported) [13, 14]. The total
direct cost of AR in these studies was $1.2-3.4 billion,
compared with $6.1 billion for asthma [8].

AR and asthma are linked epidemiologically, pathophysio-
logically, and therapeutically, and can be considered as
different manifestations of a single inflammatory airway
syndrome [15]. Epidemiological studies have shown that
asthma and AR frequently coexist, and that AR usually
precedes asthma and can be considered a risk factor for the
development of asthma [16]. Asthma is present in about 40%
of adults with rhinitis, while rhinitis occurs in up to 80% of
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patients with asthma [16, 17]. Certain medications, e.g.,
corticosteroids and anti-leukotrienes, are effective in treating
both asthma and rhinitis.

The Allergic Rhinitis and its Impact on Asthma (ARIA)
initiative, developed in collaboration with the World Health
Organization, recommends that a combined treatment
strategy be used to treat upper and lower airway diseases
[12, 15]. A unified treatment strategy for asthma and AR
might reduce the costs of treating these conditions. However,
there is little information about the direct medical costs of
combined asthma and AR, because cost-of-illness studies
have usually considered them as two separate conditions. The
objective of this report is to analyse the direct medical costs of
asthma and documented concomitant AR compared with
asthma alone, and to determine whether AR is associated
with increased treatment costs for asthma.

Methods

Study description

This was a historical cohort study. Medical resource use data
were obtained from the UK MediPlus® (London, UK)
database, which contains diagnosis and prescribing information
for more than one million patients from a nationally re-
presentative sample of over 500 general practitioners (GPs) [18].
The study consisted of three time periods: a 3-year diagnostic
period, a 6-month baseline period, and a 12-month follow-up
period. Records of a diagnosis of AR or prescriptions
indicating AR were sought during the 3-year diagnostic period
(1 October 1998 to 30 September 2001). In the baseline period
(1 April 2000 to 30 September 2000), patient characteristics and
the historical use of asthma-related drugs were determined.
Study outcomes were determined for the follow-up period
between 1 October 2000 and 30 September 2001.

Identification of asthma and allergic rhinitis

Patients were included in the study if they were between the
ages of 16 and 55 years during the diagnostic period and had
one or more asthma-related GP visits during the 12-month
follow-up period. An asthma-related GP visit was defined by
Read diagnostic codes for asthma (H43), extrinsic asthma
atopy (H431), intrinsic asthma (H432), status asthmaticus
(H433), asthma attack not otherwise specified (H434), asthma
not otherwise specified (H43Z), or history of asthma (14B4).
A patient was classified as having documented AR if one or
more AR diagnoses or prescriptions indicating AR were
recorded during the 3-year diagnostic period. A diagnosis of
AR was defined by codes for hayfever (H28), AR not
otherwise specified (H29), or a history of hayfever (14B1).
AR-related prescriptions were identified using ATC codes for
systemic antihistamines (RO6A0), nasal corticosteroids with-
out anti-infectives (RO1A1), nasal corticosteroids with anti-
infectives (RO1A3), nasal anti-allergic agents (R01A6), and
nasal decongestants (RO1A7).

Study variables

Patient demographics and asthma-related drug use in the
baseline period were considered as co-variates in the analysis

of health care resource use during the follow-up period.
Baseline co-variates were: patient age, sex, oral corticosteroid
use, number of short-acting B-agonist (SABA) prescriptions,
and dosage of inhaled corticosteroids, classified as low,
medium, or high, as defined in the Global Initiative for
Asthma guidelines [1]. The study outcome variables were:
asthma-related hospitalizations, GP visits, and prescription
drug use and costs. Prescription drugs included quick-relief
medications (SABAs and inhaled corticosteroids), long-term
preventive medications (inhaled corticosteroids, anti-leuko-
trienes, long-acting B-agonists, cromoglycate, and theophyl-
line), and antibiotics. The dose of inhaled corticosteroids and
the number of SABA prescriptions were used as surrogate
measures of asthma severity [19]. Drug costs were estimated
by multiplying the number of prescriptions by the unit cost,
obtained from IMS. IMS prices for April 2001 (the midpoint
of the follow-up period) were used; September 2001 (the last
month of follow-up) prices were used for items that were
unavailable in April 2001.

Statistical analysis

The r-test was used for continuous data and the 3 test for
discrete data in the comparisons of baseline characteristics
and unadjusted study outcomes in adults with and without
AR. A logistic regression analysis was developed with
asthma-related hospital admission during the follow-up
period as the response variable and concomitant AR and
baseline patient characteristics as explanatory variables.
Linear regression analyses were performed with the number
of asthma-related GP visits and drug costs as response
variables and concomitant AR as the explanatory variable,
controlling for baseline patient characteristics. The number
of GP wvisits and drug costs were log transformed to
correct for their non-normal distributions. The bootstrap
re-sampling method was used to estimate confidence intervals
(CIs) of the predicted mean difference in the number
of GP visits and drug costs [20]. Bootstrapping estimates
were adjusted for patient age, smoking status, baseline
use of oral corticosteroids, baseline dose of inhaled corticos-
teroids, and the number of prescriptions for SABAs (gender
was not statistically significant in the linear regression
models). A P-value of 0.05 was considered to be statistically
significant. All statistical analyses were performed using
SAS v8.2 (Cary, NC, USA).

Results

Baseline characteristics

A total of 27303 adults met the study criteria and were
included in the analysis: 22 692 (83.1%) had asthma only and
4611 (16.9%) had both asthma and documented AR (Fig. 1).
The average age was about 34 years, about 56% were women,
and about 6.5% were current smokers (Table 1). The use of
asthma medications during baseline period — SABAs, oral
corticosteroids, and inhaled corticosteroids — was statistically
significantly greater among subjects with asthma and
concomitant AR than among subjects with asthma alone
(P<0.0001).

© 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:282-287



284 D. Price et al.

during 10/1/1998-9/30/2001 (42 104)
I

{ All patients with asthma aged 16—55 J

Table 2. Logistic regression analysis: likelihood of asthma-related hospita-
lization

I 1 95%
] o Odds  confidence
[dumﬁ"?oﬂ'ﬁ'g?s'f'g}gﬁ/%&' (F:s)éas) J [ Without allergic rhinitis (35 569) ] Variable ratio interval P-value
I l Allergic rhinitis 1.52 1.03-2.24 0.0365
[ One or more asthma-related GP visits } [ One or more asthma-related GP visits W Female 1.56 1.09-2.22 0.0155
during 10/1/2000—9/30/2001 (4611) during 10/1/2000—9/30/2001 (22 692) Current smoker 2.81 1.79-4.41 <0.0001
Number of SABA prescriptions* 1.15 1.10-1.21 <0.0001
Fig. 1. Study flow diagram. Oral corticosteroid use* 3.01  1.90-4.78  <0.0001
Inhaled corticosteroid use: medium dose*  1.76 1.13-2.74 0.0119
Inhaled corticosteroid use: high dose* 2.26 1.04-4.94 0.0408
Table 1. Baseline characteristics of patients with and without AR
SABA, short-acting p-agonist.
Asthma alone ~ Asthma and AR P-value *Asthma drug use recorded during the baseline period.
N 22692 4611
Age, mean years (SD) 33.9 (11.3) 33.2 (11.5) <0.0001*
Women (%) 55.9 54.5 NS+
Current smoker (%) 6.6 5.9 NS+ Other asthma drugs
SABA prescriptions, 1.2 (2.0 1.5 (2.4) <0.0001*
mean number (SD) Antibiotics B With recorded AR
Oral corticosteroid use (%) 4.3 6.9 <0.0001% diagnosis/prescription
Inhaled corticosteroid <0.0001+ O Without recorded AR
dosage (%) Anti-leukotrienes diagnosis/prescription

No usage 63.0 56.1
Low 27.2 315
Medium 8.4 10.7
High 1.3 1.8

SABA, short-acting p-agonist; AR, allergic rhinitis.
*ttest. 1y test.

Effect of a concomitant diagnosis of allergic rhinitis on
general practitioner visits and hospitalizations

Patients with documented AR visited the GP significantly
more often for asthma than did adults with asthma alone: the
mean (SD) number of GP visits during the 12-month follow-
up period for patients with asthma and AR was 5.2 (5.5),
compared with 4.2 (4.5) for patients with asthma alone
(P<0.0001, t-test). After adjusting for the baseline character-
istics in the multi-variable linear regression analysis, patients
with both asthma and AR had an average of 3.8 visits in the
12-month follow-up period, compared with 3.4 GP visits for
patients with asthma alone, a least-squares mean difference of
0.42 (95% CI 0.42-0.43; P<0.0001).

Patients with documented AR were significantly more likely
to be hospitalized for asthma during the 12-month follow-up
period. The percentage of patients with asthma and AR with
asthma-related hospitalizations was 0.76, compared with 0.45
for those with asthma alone (P =0.0058, x> test). After
adjusting for other variables in the multi-variable analysis
(Table 2), concomitant AR increased the odds of hospitaliza-
tion for asthma by about 50% (odds ratio 1.52, 95% CI
1.03-2.24). Other statistically significant predictors of hospi-
talization for asthma were female sex and cigarette smoking,
as well as the use of medium- or high-dose inhaled
corticosteroids, oral corticosteroids, and greater use of SABA
(which are surrogate measures of asthma severity) during the
baseline period (Table 2).

Combination
ICS/LBA

Long-acting
[B-agonist

Inhaled
corticosteroids

Short-acting
[B-agonist

0 10 20 30 40 50
Drug costs (GBP)

Fig. 2. Costs of asthma-related drugs by drug class.

Effect of a diagnosis of allergic rhinitis on drug use and
costs

Patients with concomitant AR filled significantly more
prescriptions for SABAs and oral corticosteroids during the
12-month follow-up period than did adults with asthma
alone. The mean (95% CI) number of SABA prescriptions for
patients with asthma and AR was 3.15 (3.02-3.27), compared
with 2.71 (2.66-2.75) for patients with asthma alone
(P<0.0001, t-test). Corresponding values for oral corticoster-
oid prescriptions were 0.195 (0.171-0.220) and 0.149 (0.140—
0.158, P =10.0006, -test).

In the multi-variable linear regression analysis, a concomi-
tant diagnosis of AR was a significant predictor of higher
annual costs for asthma medications (P =0.0001). Patients
with asthma alone had average drug costs of GBP 65.0, while
patients with asthma and AR had average drug costs of GBP
70.2: least-squares mean difference 5.1 (95% CI 5.0-5.3).
Patients with concomitant AR incurred greater costs for all
categories of prescription asthma medications than did
patients with asthma alone (Fig. 2). Patients with concomi-
tant AR incurred higher costs for asthma-related drugs
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Fig. 3. Cost of asthma drugs by baseline use of short-acting p-agonists.
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Fig. 4. Cost of asthma drugs by baseline use of inhaled corticosteroids.

regardless of the severity of asthma, as indicated by use of
SABAs (Fig. 3) or of inhaled corticosteroids (Fig. 4) during
the baseline period.

Discussion

In this retrospective cohort study based on a general practice
database, we determined the effect of documented concomi-
tant AR on asthma-related medical resource use by over
27000 adults with asthma in the United Kingdom. Those
with concomitant AR consumed more asthma-related health
care resources, in terms of GP visits, hospitalizations, and
prescription medication costs than did patients with asthma
alone. These results were consistent across different levels of
asthma severity as assessed indirectly by analyses based on
the intensity of asthma drug use.

The prevalence of documented AR in this population of
patients with asthma was low (16.9%) compared with that
reported in epidemiological studies [16]. This may be
explained by several factors: first, many cases of AR in the
community are undiagnosed; second, AR is frequently self-
managed by patients without discussion with their primary
care physician; and third, the symptoms may be too mild to
bother the patient sufficiently to prompt treatment or
consultation. Hence, the patients with documented concomi-
tant AR in the primary care population studied here are likely
to represent those with more severe disease or those with
more bothersome symptoms.

The findings reported here for adults are similar to results
for children in a companion study based on the same general
practice database [21]. The association between concomitant
AR and hospitalization for asthma was stronger among
children (odds ratio 2.34, 95% CI 1.41-3.91; P =0.001). This
difference reflects a greater risk of hospitalization among
children with asthma: 1.4% of children with concomitant AR
were hospitalized, compared with 0.8% of adults with both
conditions and 0.45-0.5% of children or adults with asthma
alone. The effect of concomitant AR on GP visits (an increase
of about 0.4-0.5 visits per subject) was similar in both adults
and children.

There are few data with which to compare the results of this
study [22-24]. A US study of 1245 patients with asthma,
about half of whom had concomitant AR, found no
consistent association between AR and total medical charges
among adults, but did not report medical costs specifically
related to asthma [22]. A German study that included 224
adults with asthma and/or seasonal AR found no consistent
relationship between concomitant AR and medical service use
[24]. The relatively small sample size of that study might have
resulted in an underestimation of the costs of emergency care
for asthma, which though costly is relatively infrequent.
Results of a retrospective, cross-sectional analysis of medical
claims data from a US health insurance plan were generally
similar to those of the present study [23]. Thirty-four percent
of 27398 subjects with asthma also had a diagnosis of AR.
Adults with concomitant AR exhibited higher rates of use of
asthma drugs (inhaled B-agonists, inhaled and oral steroids,
inhaled cromones) and about a 3-fold higher rate of
outpatient episodes linked to asthma, AR, or related
conditions. Hospitalizations for asthma or related conditions
were not, however, more frequent among patients with
concomitant AR, except in the >S50 age class. In sum,
patients’ asthma appeared to be more severe when there was a
concomitant diagnosis of AR [23].

The finding that AR is associated with an increased use of
asthma-related medical services (this study, and the compa-
nion study with children) is consistent with evidence that
treatment of AR is associated with reductions in asthma
symptoms and medical service use. Several studies have
shown that the pharmacological treatment of one of these
conditions (asthma or AR) can alleviate the symptoms of the
other [25]. Two retrospective cohort studies have provided
observational evidence that pharmacological treatment of AR
is associated with a significant reduction in the frequency of
asthma-related emergency care [26, 27]. Further, experimental
studies, however, will be required to verify that treatment
directed at AR reduces asthma-related emergency care.

The longitudinal, observational design of this study and
large sample size are strengths in determining the relationship
between AR and medical resource use for asthma in general
practice. The study has several limitations, however. A large
sample size makes it possible to identify between-group
differences that are statistically significant but not necessarily
clinically meaningful. Nevertheless, we are confident that
differences we found, related to the importance of AR as a
comorbid condition with asthma, are clinically and economic-
ally meaningful (for instance, the effect of AR on the
likelihood of asthma-related hospitalization exceeded the
effect of increasing SABA prescriptions). ED visits are
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infrequent and poorly recorded in the MediPlus® database
and were pooled with hospitalizations, rather than being
reported as a separate emergency care outcome. According to
a 1997 survey, 43% of practices contributing to the
MediPlus® database entered less than 50% of hospital
discharge summaries. Hence, asthma-related hospitalizations
might have been underreported. There is no indication,
however, of a bias between the study groups in under-
reporting of asthma-related hospitalizations.

Finally, the identification of AR was based on a recorded
diagnosis or a prescription indicating AR, and this may have
led to the prevalence being underestimated. Physician-
diagnosed and -treated AR is likely to represent more severe
disease, which is likely to be a marker for the poorer asthma
outcomes noted. Further prospective studies on well-char-
acterized cohorts would be needed to determine whether the
tendency toward worse asthma outcomes applied also to
milder and self-managed AR. The prescription drugs used to
identify AR included systemic antihistamines and nasal
corticosteroids. Systemic antihistamines might indicate con-
ditions other than rhinitis but, in a sensitivity analysis, their
exclusion from the list of drugs identifying AR had no
substantive effect on the main study results: the prevalence
of concomitant AR was reduced from 16.9% to 15.1%,
while patients with concomitant AR still incurred signifi-
cantly more asthma-related GP visits (P<0.0001) and
hospitalizations (P =0.012) and higher drug costs
(P<0.0001). Prescriptions for nasal corticosteroids, however,
might have indicated forms of rhinitis other than AR. It is
likely that most rhinitis identified in this study was indeed
allergic in origin, but this cannot be proven. Formal allergy
testing is rarely done in the primary care setting in the United
Kingdom and we have little specific information about the
patients’ atopic status.

Conclusions

In a cohort of 27303 adults with asthma, patients with a
recorded AR diagnosis and/or prescription generated sig-
nificantly increased asthma-related medical resource use and
drug costs. The co-existence of asthma and diagnosed or
treated AR identifies a high-risk group of adult patients that
should be targeted for care. A unified treatment strategy
applied to patients with asthma and concomitant AR, as
recommended in the ARIA guidelines, might reduce the costs
of care for asthma.
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